The aim of this work was to investigate the genotypic variation of thirty five bread wheat genotypes as well as to clarify the association between grain yield and the other important agronomic traits. Two field experiments were carried out in the Experimental Farm of Genetic Resources Department, Bahteem Agricultural Research Station, Egypt during 2015-2016 and 2016-2017 growing seasons. Thirty two wheat landraces collected from eleven Districts in Egypt, in addition to three local cultivars were evaluated for earliness traits, plant height, yield and its components. The results indicated significant differences among the evaluated wheat genotypes for all investigated traits during the two seasons. The highest grain weight/plant and contributing traits were assigned for genotypes; G3, G8, G18, G27, G29, G33 and G35 at two growing seasons. The phenotypic variance (σ 2 ph ) was found slightly higher than the genotypic variance (σ 2 g ) for all studied traits under two seasons, and accordingly, phenotypic coefficient of variation (PCV) values were relatively greater than genotypic coefficient of variation (GCV) values for all traits. Heritability in broad sense (h 2 b) values were high for plant height (90.63 and 97.81 %), number of grains/spike (95.33 and 84.66 %), 1000-grain weight (76.42 and 84.03 %), days to heading (77.4 and 87.06 %) and days to maturity (86.18 and 66.56 %) in 1 st and 2 nd seasons, respectively. Besides, it was low in 1 st season (43.38 %) and high in 2 nd season (71.91 %) for grain weight/plant, whereas it was moderate for number of spikes/plant (52.87 and 58.09 %) in 1 st and 2 nd seasons, respectively. Furthermore, positive genotypic and phenotypic correlations were found between studied traits and grain weight/plant during two growing seasons except days to heading. Additionally, path analysis was calculated and it was found that the direct effects on wheat grain yield of all studied traits were positive in both seasons except days to 50% heading at two seasons and days to maturity and plant height at the second season.
INTRODUCTION
Wheat is the first strategic crop grown during the winter season. It is stable food for about third of the world population due to its multiple uses, wider adaptation, high nutritive value (Rangare et al., 2010) . Its cultivated area in the world in 2017 was 218.54 million hectares produced 771.72 million tons (FAOSTAT, 2019) . Whereas, Egypt contributed in these values with low acreage which was 1.34 hectares produced 8.8 million tons and imported 8.73 million tons (about 50 % of the consumption).
Assessing of genetic diversity for local wheat landraces and cultivars contributes in determining potential of these materials for breeding efficiency and hence forward their use for wheat breeding, particularly under recent climate changes (Lopes et al., 2015; Rufo et al., 2019) . The continued providing wheat breeding http:/www.journals.zu.edu.eg/journalDisplay.aspx?Journalld=1&queryType=Master Plant Production Science *Corresponding author: Tel. : +20 01026061006 E-mail address: abd_lhamed@yahoo.com programs with new germplasm materials as a donor of adapted genes is essential for further improving wheat cultivars (Fu, 2015; Cobb et al., 2019) . Since, the parents with wide genetic distance present good hybrid vigor with high yield performance. For that reason, obtaining information on nature, pattern and degree of genetic diversity helps breeders in identifying diverse parents to be crossed in wheat breeding programs (Ahmadi et al., 2012; Sajjad et al., 2018) .
Landraces are mixture of different genes and evolved by natural and artificial selection under environmental conditions where they were grown. They are very important genetic resource for diversity and specific adaptation to local environmental conditions and increasing agronomic traits in breeding programs (Desiderio et al., 2019; Zhao et al., 2019) . Agronomic, morphological and phenological traits are very important for grouping wheat genetic recourses, and also are essential and useful for plant breeders seeking to improve wheat germplasm (Najaphy et al., 2012) .
The phenotypic (PCV) and genotypic (GCV) coefficients of variability, heritability and genetic advance for yield and contributing traits are a major concern for wheat plant breeder (Rahman et al., 2016; Rajput 2019) . The direction and magnitude of the association between grain yield and contributing traits determine the efficiency of breeding programs. Furthermore, the relative importance of each trait involved in contributing to grain yield (Naik et al., 2015; Rahman et al., 2016; Shamuyarira et al., 2019) . Selection for grain yield by considering other related traits as indirect selection criteria is an alternative breeding approach. Consequently, genotypic and phenotypic correlations among traits could help in breeding through indirect selection for important traits by selecting least important traits that are easier to measure (Anil et al., 2012; Jassim, 2019) . Likewise, path analysis is a useful statistical model in breaking down the correlations of agronomic traits with grain yield into their direct and indirect effects (Anand et al., 2016; Meles et al., 2017; Rajput, 2019) .
The aim of this study was to (i) assess the association between grain yield and the other important agronomic traits in some Egyptian bread wheat landraces and local cultivars, (ii) to determine the amount of direct and indirect effects of some agronomic traits on grain yield, (iii) also to study the interrelationships among the tested traits.
MATERIALS AND METHODS
Two field experiments were conducted at the Experimental Farm of Genetic Resources Department, Bahteem Agricultural Research Station, Egypt, during the two winter growing seasons of 2015/2016 and 2016/2017. The trials in both seasons were sown on third week of November within the optimal Districts for wheat cultivation. Thirty-two wheat landraces were collected from eleven Egyptian District, in addition to three local cultivars were evaluated in this study. The pedigree, site and collection data of wheat landraces and cultivars are presented in Table 1 . The experiment was laid out in a randomized complete block design (RCBD) with three replications. Each genotype in each plot was sown in three rows, 2 m length, with row to row and plot to plot distances 0.25 m and 0.50 m, respectively. Ten plants were taken at random from each plot to estimate the following traits: plant height (cm), number of spikes/plant, number of grains/spike, 1000-grain weight (g) and grain weight/plant (g). Also days to heading (day) and days to maturity (day) were recorded.
The obtained data were statistically analyzed and differences among wheat genotypes means were tested using a revised LSD test at the 0.05 level according to Steel et al. (1997) .
Genotypic and phenotypic correlation coefficients were computed among the studied traits according Kwon and Torrie (1964) . Path analysis of above listed traits on grain yield was also performed according to Dewey and Lu (1959 
RESULTS AND DISCUSSION

Analysis of Variance
The analysis of variance for days to 50% heading, days to maturity, plant height, number of spikes/plant, number of grains/spike, 1000grain weight and grain weight/plant showed highly significant differences among the thirtyfive bread wheat landraces and local cultivars in both 1 st and 2 nd seasons, reflecting the wide genetic diversity ( Table 2 ). The coefficients of variation (CV %) were low (<10 %) in the two seasons for all traits except number of spikes/ plant and grain weight/plant were relatively moderate (10 to 20 %) in the two seasons. These results showed that the dependability level of results for these traits were high.
Mean Performance
The results in Table 3 indicate that, the environmental season caused a reduction in all studied traits except 1000-grain weight in the 1 st season compared with the 2 nd season for most landraces and local cultivars. Wheat genotypes number; G1, G6, G7, G8, G9, G16, G26, G27 and G29 exhibited the earliest values for days to 50% heading and maturity under the two seasons. Conversely, the genotypes G11, G14, G19, G21, G23, G30, G31, G32, G33 and G35 had the latest ones on both seasons.
The average of days to 50 % heading varied from 79.0 and 85.0 (G29) to 101.0 and 111.0 days (G30) with an average 86.3 and 94.7 days on 1 st and 2 nd seasons, respectively. For days to the maturity, the average for 1 st season ranged from 127.0 (G16) to 143.7 days (G32) with an average 134.3 day, as well as from 144.3 (G16) to 151.7 days (G33) with an average 148.8 days for 2 nd season.
Obviously, the wheat genotypes G2, G8, G9, G15, G20, G23, G24, G25, and G33 presented the shortest one for plant height among the studied genotypes on both seasons. On the other hand, G17, G21, G29, G30, G34 and G35 were the tallest one across the two environments. The average of plant height varied from 68.67 (G9) to 119.67 cm (G30) with an average of 89.05 cm in 1 st season, and from 86.67 (G9) to 132.9 cm (G29) with an average of 105.76 cm in 2 nd season.
Genotype No. 35 had the highest values for number of spikes/plant followed by G17, 18, 16 and 8. On the other side, G6, G1, G7, G21, G22, G24, G25 and G33 had the lowest values in both seasons. Its average varied from 3.33 and 3.73 (G24) to 8.43 and 8.23 (G35) with an average of 5.16 and 5.19 in the 1 st and 2 nd seasons, respectively.
The mean values of number of grains/spike are shown in Table 3 . It varied from 42.33 and 40.83 (G17) to 80.33 and 77.0 (G3) with an average 55.67 and 58.25 in the 1 st and 2 nd seasons, respectively. In both seasons, wheat genotypes No. G3, G9, G21, G23, G27, G29 and G33 had the highest values. While, G2, G6, G11, G16, G17 and G35 recorded the lowest values during the two growing seasons. Moreover, mean values for 1000-grain weight in the first season varied from 31.33 for G31 to 47.00 g for G33 with an average of 38.29 g. Also, in the second season varied from 28.07 g for G31 to 45.60 g for G33 with an average 37.55 g. Overall, G6, G8, G20, G27, G29, G33 and G35 had the heaviest values for 1000-grain weight under the two environments. Whereas, the wheat genotypes G2, G3, G4, G5, G9, G14, G25, G31 and G32 were the lightest 1000-grain weight on the two seasons.
Finally, mean values for grain weight/plant varied from 7.3 (G20) to 14.2 g (G33) with an average 10.14 g in the 1 st season and from 6.6 (G20) to 16.4 g (G27) with an average 10.67 g in the 2 nd season. To clarify, G3, G8, G18, G27, G29, G33 and G35 had the highest values for grain yield under two seasons. On the contrary, G2, G5, G6, G7, G9, G15, G20, G25 and G31 had the lowest values for this trait across the two seasons. 
Estimates of Variance Components
Variance components for earliness traits, plant height, number of spikes/plant, number of grains/spike, 1000-grain weight and grain weight/plant at the two seasons are shown in Table 4 . In general from previously Table, the results indicated that the phenotypic variance (σ 2 ph ) was found slightly higher than the genotypic variance (σ 2 g ) for all studied traits under the two growing seasons, showing that the apparent variation is not only genetic but likewise influenced by the growing environment in the expression of the traits. Accordingly, phenotypic coefficient of variation (PCV) values were relatively greater than genotypic coefficient of variation (GCV) values for all traits.
Earliness traits
The GCV values for days to 50 % heading were 4.94 and 4.89 % in 1 st and 2 nd seasons, respectively. Similarly, the PCV values for this trait were 5.62 and 5.24 % in the 1 st and 2 nd seasons, respectively. Correspondingly, days to maturity had similar trend as days to 50% heading, the GCV values were 3.22 and 1.33% in 1 st and 2 nd seasons, respectively. Likewise, the PCV values were 3.47 and 1.63 % in 1 st and 2 nd seasons, respectively. Additionally, the GCV values were near to PCV values for earliness traits, demonstrating high contribution of genotypic effect for phenotypic expression of earliness traits. Moreover, the earliness traits had low GCV and PCV values (<10) under both seasons according to Deshmukh et al. (1986) . The results in Table 4 showed that high to moderate broad sense heritability estimates (>50) coupled with low (>10) genetic advance in percentage of mean (GAM) were obtained for days to 50 % heading and days to maturity under the two seasons, representing wide scope for improvement through of plant selection of these traits.
Plant height (cm)
The GCV values were 11.07 and 9.61 % in the 1 st and the 2 nd seasons, respectively. Equally, the PCV values were 11.63 and 9.72 % in the 1 st and 2 nd seasons, respectively. The results indicated that very little difference was observed between GCV and PCV values under both seasons, indicating the predominance of genetic factors. Very high broad sense heritability estimates (90.63 and 97.81 %) coupled with high GAM (21.7 and 19.57 %) for plant height on the 1 st and the 2 nd seasons, respectively.
Number of spikes/plant
The GCV values for number of spikes/plant were 18.76 and 17.40 %, whereas, the PCV values were 25.8 and 22.83 % in 1 st and 2 nd seasons, respectively. These results showed that the difference between GCV and PCV values under both environments were remarkably large, indicated to more influence of environmental factor for the expression of number of spikes/ plant. This suggests that selection for this trait would not be effective. Heritability values for number of spikes/plant under two seasons were moderate (52.87 and 58.09 % for the 1 st and the 2 nd seasons, respectively). Too, the GAM values were high for this trait with 28.10 and 27.32 % in the 1 st and the 2 nd seasons, respectively.
Number of grains/spike
The GCV values for number of grains/spike were 14.93 and 12.62 %, as the PCV values were 15.3 and 13.71 % in the 1 st and the 2 nd seasons, respectively. These results revealed that the difference between GCV and PCV values under the two seasons were small and their values were moderate to high (10 -30 %), indicated the role of genetically influence over number of grains/ spike at the two seasons, representing that the selection would be effective. Hence, heritability values for number of grains/spike were very high (95.33 and 84.66 % in both seasons, respectively). Moreover, the GAM values were high in the 1 st season (30.04 %) and in the 2 nd season (23.91 %). Therefore, number of grains/spike was controlled by genetic factors.
grain weight (g)
The GCV values for 1000-grain weight were 9.81 and 10.26 %, and PCV values were 11.22 and 11.19 in the 1 st and 2 nd seasons, respectively, however, GCV values under the two environments were near to PCV and these values were moderate (10-20 %). Heritability values for 1000-grain weight were high (<75) in both seasons. Correspondingly, the GAM values were moderate in the 1 st season (17.66 %) and in the 2 nd season (19.37 %).
Grain weight/plant (g)
The PCV values for grain weight were relatively greater than GCV, however, GCV values under the two seasons were wide to PCV, indicated distinct contribution of environmental factors in addition to genotypic effect for expression of the trait. Moreover, the GCV values were 15.15 and 22.78%, while, the PCV values were 23.01 and 26.86% in the 1 st and 2 nd seasons, respectively. Heritability values for grain yield/plant were 43.38% and 71.91% in the 1 st and 2 nd seasons, respectively. Similarly, the GAM values were moderate to high (20.56% and 39.79% in both seasons, respectively).
It could be concluded that under this study at two different seasons, the traits of days to 50% heading, days to maturity, plant height, number of grains/spike and 1000-grain weight were controlled by genetic factors. On the other hand, number of spikes/plant and grain weight/plant were controlled by a number of genetic and environmental factors.
The PCV and GCV values under the two growing seasons were low for earliness traits, moderate for plant height, number of grains/spike and 1000-grain weight and high for number of spikes/plant and grain weight/plant. Heritability in broad sense (h 2 b) values were high for plant height (90.63 and 97.81 %), number of grains/spike (95.33 and 84.66 %), 1000-grain weight (76.42 and 84.03 %), days to heading (77.4 and 87.06 %) and days to maturity (86.18 and 66.56 %) in the 1 st and 2 nd seasons, respectively. Moreover, it was low in the 1 st season (43.38 %) and high in the 2 nd season (71.91%) for grain weight/plant, whereas it was moderate for number of spikes/plant (52.87 and 58.09%) in the 1 st and 2 nd seasons, respectively.
These obtained results for phenotypic and genotypic coefficients of variation and heritability are in agreement with the findings of Ghuttai et al. (2015), Tripathi et al. (2015), Ghallab et al.  (2016), Abdul Hamid et al. (2017), Lone et al.  (2017), Sharaan et al. (2017), Mathew et al.  (2018) and Rajput (2019) . Besides, the results of genetic advance are in harmony with those of Rajput (2019) who stated similar results for having low genetic advance values for earliness traits. However, Ghallab et al. (2016), Abdul  Hamid et al. (2017), Lone et al. (2017) and Rajput (2019) recorded either high or moderate genetic advance for plant height, yield and its components.
Genotypic and Phenotypic Correlation Coefficients
Genotypic and phenotypic correlation coefficients based on the two seasons data were calculated among all possible combinations of the all studied traits are listed in Table 5 . Days to 50% heading had positive and significant genotypic and phenotypic correlations with days to maturity in the 1 st season (0.649** and 0.529**, respectively) and in the 2 nd season (0.498** and 0.391**, respectively), as well as, plant height with number of spikes/plant in the 1 st season (0.400* and 0.312*, respectively) and in the 2 nd season (0.471** and 0.344**, respectively). On the other hand, number of spikes/plant had negative and significant genotypic correlations with number of grains/spike (-0.445** and -0.423** in 1 st and 2 nd seasons, respectively).
Furthermore, positive and significant genotypic correlations were found between plant height, number of spikes/plant, number of grains/spike and 1000-grain weight with grain weight/plant during the first season (0.525**, 0.663**, 0.458** and 0.541**, respectively). While in the 2 nd season, positive and significant genotypic and phenotypic correlations were observed between number of spikes/plant with grain weight/plant (0.532** and 0.404**, respectively). Thus, resulting positive and significant associations suggest that increased grain yield could be achieved through selection based on 
Path Coefficient Analysis
Direct and indirect effects of wheat grain yield and other various metric traits of 35 landraces and local cultivars during the two seasons relative to genotypic and phenotypic correlation coefficients are presented in Tables 6  and 7 . The direct effect on wheat grain yield of all studied traits were positive in both seasons relative to genotypic and phenotypic correlation coefficients except days to 50 % heading during the 1 st season and days to 50 % heading, days to maturity and plant height during the second season. The results during the first season showed that number of grains/spike had the largest direct effect on wheat grain yield (0.912 and 0.438) followed by number of spikes/plant (0.886 and 0.279), 1000-grain weight (0.446 and 0.169), then plant height (0.225 and 0.262) and days to maturity (0.140 and 0.091) relative to genotypic and phenotypic correlation coefficients, respectively, but the direct effects of plant height and days to maturity were low in magnitude. While, the largest direct effect during the second season was number of spikes/plant (0.997 and 0.601), followed by number of grains/spike (0.717 and 0.411), then 1000-grain weight (0.510 and 0.319) relative to genotypic and phenotypic correlation coefficients, respectively.
Positive indirect effects on wheat grain yield under the first season were often observed for the days to maturity and plant height via days to 50 % heading, likewise plant height, number of spikes/plant and number of grains/spikes via days to maturity. Also, days to maturity, number of spikes/plant and 1000-grain weight via plant height, as well as, plant height and number of spikes/plant via 1000-grain weight. On the other side, days to maturity and number of grains/ spikes had negative indirect effect on grain yield via 1000-grain weight, also plant height and number of spikes/plant via number of grains/ spikes. Moreover, during the second season, positive indirect effects were observed for the number of spikes/plant via days to 50% heading, likewise plant height, number of spikes/plant Generally, the aforementioned results exposed that number of spikes/plant, number of grains/ spike and 1000-grain weight were considered the major yield components, indicated that the wheat breeder should take into account as the most selection criteria for developing high yielding genotypes at early generations. The results of path analysis are in consonance with 
